The synthesis of a 4-(2,2-diphenylethoxy)phthalonitrile (1) and its organosoluble free base (2), zinc(II) (3), nickel(II) (4), and cobalt(II) (5) phthalocyanine derivatives is presented in this work. The novel complexes were characterized by elemental analyses and spectral data such as infrared, nuclear magnetic resonance, ultraviolet visible, and mass data. General tendencies were described for photophysics (fluorescence) and photochemistry (photodegradation and singlet oxygen quantum yields) of the free base and zinc(II) phthalocyanine derivatives in dimethylformamide. The quantum yield values of fluorescence ( ΦF ) , singlet oxygen formation ( Φ∆) , and photodegradation ( Φ d ) for the zinc phthalocyanine were found to be 0.37, 0.48, and 9.12 × 10 −4 , respectively. The photophysicochemical properties of the phthalocyanines (2 and 3) clearly reveal that these phthalocyanines could be used in singlet oxygen applications such as photodynamic therapy.
Introduction
Porphyrin-derived compounds are well known among the most widely studied of all macrocyclic systems.
1−3
Phthalocyanines (Pcs) are among the members of the macrocyclic systems that have attracted attention due to their potential use in photodynamic therapy (PDT), energy transfer, electrophotography, optical data collection, gas sensors, liquid crystals, laser technology, one-dimensional metals, and dyes and pigments. 4 Technological applications of unsubstituted Pcs are limited due to their insolubility in some organic solvents and aqua media.
Pcs have an expanded π -conjugated electron system that allows π stacking (aggregation) between planar macrocycles, ensuring that the distance between macrocycles is small. Inserting substituents into the peripheral positions of the macrocycles enhances their solubility since these groups increase the space between the stacked Pc core and activate their solvation. Peripheral substitution 5 enables Pc products to be soluble in apolar solvents. Pcs have substituents whose carboxyl or quaternary ammonium moiety enhances solubility in a wide pH range of aqueous solutions.
6−9
One of the most important usage of Pcs is as photosensitizers for PDT in cancer treatment in medicinal fields. 10 This application is rooted in the light excitation of a photosensitizer, which causes local oxidative harm within the cells by generation of extremely reactive oxygen species. 11 For PDT, it is highly important that Pcs * Correspondence: erdogmusali@hotmail.com
show high absorption coefficients in the visible region of the spectrum, mostly in the phototherapeutic window (600-800 nm), and a long lifetime of triplet excited state in order to generate reactive singlet oxygen species O 2 ( 1 ∆g) proficiently. 12 The Scheme. Synthetic scheme of tetra (2,2-diphenylethoxy) substituted free base (2), zinc (3), nickel (4), and cobalt (5) phthalocyanine derivatives.
and particularly high singlet oxygen generation, which are very significant for PDT of cancer. 13−17 Thus, many scientists have grown interested in Pc chemistry study of the synthesis and photophysicochemical properties of Pcs in recent years.
14,18−22
In the current study, the syntheses and characterization of the novel free base and metallophthalocyanine complexes having a diphenylethoxy group on each benzo group are described (Scheme). Photophysicochemical (fluorescence quantum, singlet oxygen, and photodegradation quantum yields) characteristics of zinc(II) and free base Pc derivatives are investigated as well.
Results and discussion

Synthesis and characterization
The Scheme shows the synthetic route of novel peripherally tetra-substituted Pcs (2-5) involving the nucleophilic aromatic substitution of 4-nitrophthalonitrile with 2,2-diphenylethanol. Base-catalyzed nucleophilic aromatic substitution of 4-nitrophthalonitrile resulted in 4-(2,2-diphenylethoxy) phthalonitrile (1). The reaction was carried out at 45
• C in dry dimethylformamide with K 2 CO 3 . This reaction has been used in the preparation of a variety of ether or thioether substituted phthalonitriles.
23
Reaction of the substituted phthalonitrile (1) with metal salts in the presence of metal salts in pentanol through a metal-assisted cyclotetramerization process gives the peripherally tetra-substituted Pcs (3) (4) (5) Figure 1 as an example for 5) for 2, 3, and 5, respectively. We also observed a [M] + peak at 1355.5 for 3. The elemental analysis results were also consistent with the desired structures of 1-5. All of the spectral and elemental analysis results con?rm that the target structures were successfully synthesized. 
Ground state electronic absorption and fluorescence spectra
UV-Vis electronic spectra are especially practical for identifying the structure of Pcs. Generally, for Pc complexes, UV-Vis spectra show typical electronic spectra with 2 strong absorption bands known as Q and Soret bands (B). 28 The electronic absorption spectra of the synthesized complexes (2-5) showed monomeric behavior provided by a single (narrow) Q band, typical of metallated Pcs in DMF at concentrations of about 1.2 × 10 −5 . UV-Vis spectra of Pc complexes 2, 3, 4, and 5 are shown in Figure 2 . In the UV-Vis spectrum of free base Pc (2), the characteristic split Q band was observed at 670 and 703 nm in DMF, which can be attributed to a 1u → e g transition. 29 A typical spectrum of the metal-free Pc (2) showed a Soret band at 352 in DMF ( Figure   2 ). The UV-Vis absorption spectra of metallophthalocyanines 3, 4, and 5 in DMF were observed with intense Q absorption at 679, 675, and 667 nm, respectively. In addition, the intense B band absorptions were observed at 352 nm for 3 and 379 nm for 4 in DMF. B band absorption was not observed for 5 in DMF (Figure 2 ). The Aggregation tendency is typically defined as a coplanar relationship of rings succeeding from monomer to dimer and higher classified complexes. It can be affected by the temperature, kind of the solvent, concentration of solutions, structure and nature of substituents, and type of metal ions in the Pc core. In this work, we investigated the aggregation properties of Pc complexes 2-5 in DMF. For whole complexes synthesized, as the concentration was increased, the intensity of absorption of the Q band also increased and there were no new bands (blue or red region) observed in DMF. The Beer-Lambert law was followed for all of the Pcs in different concentrations ranging from 2 × 10 −6 to 12 × 10 −6 mol dm The fluorescence properties of the free base (2) and zinc (3) Pc complexes were studied in DMF. Figure 4 shows the fluorescence emission, excitation, and absorption spectra for compounds 2 ( Figure 4a ) and 3 ( Figure   4b ) as examples in DMF. Fluorescence emission intensities were observed at 715 nm for 2 and 694 nm for 3.
The shapes of the excitation spectra (λ Ex = 705 nm for 2 and 685 nm for 3) of synthesized Pc complexes were conformable to their absorption spectra. This closeness of the wavelength of the Q band absorption to the Q band maxima of the excitation spectrum for Pcs suggests that the nuclear configurations of the ground and excited states are similar and are not affected by excitation. Stokes shifts are observed at 12 nm for 2 and 14 nm for 3 in DMF. Because of the paramagnetic nature of the metals, the nickel 30 (4) and cobalt 31 (5) Pcs did not display fluorescence properties in DMF. Figure 4 . Absorption, excitation, and emission spectra for compounds 2 and 3. Excitation wavelength = 615 nm in DMF.
Photophysical properties
The fluorescence quantum yields (Φ F ) of free base (2) and zinc (3) Pcs were studied in DMF. While the Φ F value of metal-free complex 2 (Φ F = 0.16) is lower than characteristic of Pcs, the Φ F value of zinc Pc complex 3 (Φ F = 0.37) is higher than characteristic of Pc complexes 32 and unsubstituted zinc Pc ( Φ F = 0.30) in DMF.
Generally, the Φ F values of the Pcs that have different substituents are higher than those of standard zinc Pc. An increase in fluorescence intensity could occur with the presence of ligands, which decline the fluorescence quenching. Thus, the increase in the Φ F value for substituted Pc complexes in the presence of the ring substituents shows that the substituents quench the excited singlet state less, and therefore their fluorescence is more intense.
Photochemical properties
Singlet oxygen may be determined by 2 main methods: using chemical quenchers or using luminescence at 1270 nm. In this work, a singlet oxygen scavenger, 1,3-diphenylisobenzofuran (DPBF), a known quencher in organic solvents, was employed. Singlet oxygen quantum yield (Φ ∆ ) is a determination of singlet oxygen production and the Φ ∆ values were calculated via Eq. (3) in Section 3.3.3. Figure 5 shows spectral changes observed during photolysis of compound 3 in DMF in the presence of DPBF as an example. The reduction of DPBF absorption was monitored using UV-Vis spectral changes. The Q band intensities for the compound were not changed during the Φ ∆ determinations, confirming that Pcs are not degraded through reactive singlet oxygen generation. The Φ ∆ values are 0.48 for compound 3 and 0.14 for compound 2 in DMF. The values of Φ ∆ were lower for the substituted complexes (2 and 3) when compared to unsubstituted zinc Pc ( Φ ∆ = 0.56) in DMF.
The metal-free Pc complex has lower Φ ∆ values than the zinc Pc (3) due to metal effect.
Photodegradation study is a procedure whereby a Pc is degraded by light irradiation. The stabilities of studied Pc complexes ( As a result, we explained the synthesis, characterization, and photophysicochemical properties of tetrakis-(2,2-diphenylethoxy) Pcs in this work. The chemical structures of novel Pcs were confirmed by elemental analysis, as well as FT-IR, UV-Vis, mass, and 1 H NMR spectroscopies. All studied Pcs (2-5) are very soluble in known organic solvents such as CHCl 3 , DMF, DCM, toluene, THF, DMSO, and acetone. The effect that substituted Pcs have on the splitting of the Q band is highly influenced by the electronic properties of the substituent and the type of the central metal ion. The photophysicochemical properties of synthesized Pcs 2 and 3 were determined in DMF in this work. To conclude, photophysicochemical parameters of the Pcs studied together with their corresponding conjugates, especially complex 3, show these molecules to be potential PDT agents.
Experimental
Synthesis
Synthesis of 4-(2,2-diphenylethoxy)phthalonitrile (1)
The mixture of 4-nitrophthalonitrile (0.50 g, 2.5 mmol) and 2,2-diphenylethanol (0.43 g, 2.5 mmol) was dissolved in dry dimethylformamide (20 mL 
Synthesis of 2,9(10),16(17),23(24)-tetrakis(2,2-diphenylethoxy) phthalocyanine (2)
A mixture of phthalonitrile derivative 1 (0.100 g, 0. 
General process for the syntheses of metallophthalocyanine derivatives (3-5)
A mixture of 1 (0.100 g, 0. 
Materials and instrumentation
FT-IR spectra were recorded on a PerkinElmer Spectrum One FT-IR (ATR sampling accessory) spectrophotometer. Elemental analyses were performed on a Thermo Flash EA 2000. 1 H NMR spectra were recorded on a Bruker Ultra Shield Plus 400 MHz spectrometer using TMS as an internal reference. Mass spectra were measured on a Bruker Microflex LT MALDI-TOF MS. Melting point was determined on an Electrothermal Gallenkamp apparatus. All reagents and solvents were of reagent grade and were obtained from commercial suppliers.
Absorption spectra in the UV-Vis region were recorded with a Shimadzu 2001 UV spectrophotometer. Fluorescence excitation and emission spectra were recorded on a Varian Eclipse spectrofluorometer using 1-cm path-length cuvettes at room temperature. Photoirradiation was done using a General Electric quartz line lamp (300 W). A 600-nm glass cut-off filter (Intor) and a water filter were used to filter off ultraviolet and infrared radiations, respectively. An interference filter (Intor, 700 nm with a band width of 40 nm) was additionally placed in the light path before the sample. Light intensities were measured with a POWER MAX 5100 (Molectron Detector Inc.) power meter.
Photophysicochemical parameters
Fluorescence spectra and quantum yields
Fluorescence quantum yields ( Φ F ) were determined by the comparative method using Eq. (1):
where F and F Std are the areas under the fluorescence emission curves of the samples (2 and 3) and the standard, respectively. A and A Std are the respective absorbances of the samples and standard at the excitation wavelengths. n 2 and n 2 Std are the refractive indices of solvents used for the sample and standard, respectively. ZnPc ( Φ F = 0.30 in DMF) 34 was used as the standard. Both the samples and standard were excited at the same wavelength.
Singlet oxygen quantum yields
Singlet oxygen quantum yield ( Φ ∆ ) determinations were performed as described in the literature. 35, 36 Typically, a 3-mL portion of the phthalocyanine derivatives (absorbance: ∼1.5 at irradiation wavelength) containing the singlet oxygen quencher was irradiated in the Q band region with the photoirradiation set-up described in the literature. 35, 36 Singlet oxygen quantum yields (Φ ∆ ) were determined in air using the relative method with ZnPc (in DMF) as a reference. DPBF was used as a chemical quencher for singlet oxygen in DMF. Eq. 
where Φ Std ∆ is the singlet oxygen quantum yield for the standard ZnPc ( ∆ = 0.56 in DMF 37 ) , and R and R Std are the DPBF photobleaching rates in the presence of the respective sample (2 and 3) and standard, respectively.
I abs and I
Std abs are the rates of light absorption by the samples (2 and 3) and the standard, respectively. To avoid chain reactions induced by DPBF in the presence of singlet oxygen, 38,39 the concentration of the quencher (DPBF) was lowered to ∼3 × 10 −5 mol dm −3 . Solutions of sensitizer containing DPBF were prepared in the dark and irradiated in the Q band region using the set-up described above. DPBF degradation at 417 nm was monitored. The light intensity of 7.05 × 10 15 photons s −1 cm −2 was used for Φ ∆ determinations.
Photodegradation quantum yields
Photodegradation quantum yield ( Φ d ) determinations were performed as described in the literature.
35,36
Photodegradation quantum yields were determined using Eq. 
where C 0 and C t are the sample (2 and 3) concentrations respectively before and after irradiation, V is the reaction volume, N A is the Avogadro constant, S is the irradiated cell area, t is the irradiation time, and I abs is the overlap integral of the radiation source light intensity and the absorption of the samples (2 and 3 
